Background The control of airways reactivity is essential to our understanding of disease processes such as asthma. Many studies have examined the neural control of the airways, but more recently there has been evidence to show that the epithelium lining the airways may influence airways reactivity. Methods Rabbit tracheal epithelial cells were dispersed with enzymes, grown in primary culture and fixed. Tissue from intact tracheas was also sampled and fixed. Localisation of the vasoactive substances endothelin-1, arginine-vasopressin, and substance P was investigated by immunolabelling techniques. Results Scattered immunolabelling to endothelin-1, arginine-vasopressin, and substance P was found throughout the cultures (with < 20% of cells staining positively to each antibody). At the ultrastructural level this immunoreactivity was found in the cytoplasmic matrix. In addition, immunoreactivity of intact tissue to endothelin-1, argininevasopressin, and substance P was examined and positively staining cells were found to be scattered through the epithelium. Conclusions The presence of these vasoactive substances within the epithelium lining the airways supports the view that epithelial cells may provide an additional mechanism in the control of airways reactivity.
Hyperreactivity of the airways is a characteristic feature of asthma. In such patients damage or loss of the airways epithelium is a common finding.' The epithelium lining the airways was originally considered merely as a barrier preventing passage of dust, microorganisms, and other airborne particles into the underlying tissue. More recently, however, it has been shown that removal of the airways epithelium leads to increased responses of the smooth muscle of the airways to various contractile stimuli.2 This phenomenon occurs in the airways of a number of different species, including dog, guinea pig, rabbit, and man. 8 Studies by Flavahan and Vanhoutte9 showed that there was increased sensitivity of the airways to histamine, acetylcholine, and 5-hydroxytryptamine (5-HT) after removal of the epithelium. They suggested that this might indicate that an epithelium derived relaxing factor, analogous to the endothelium derived relaxing factor released from vascular endothelial cells,'" is active in the airways. Orehek et al examined the influence on airways reactivity of drugs inhibiting prostaglandin synthesis and their results suggested that release of products of the cyclooxygenase pathway may be responsible for airways relaxation."
Since the early 1970s it has been known that there are amine precursor uptake and decarboxylation (APUD) cells present in the airways epithelium."2 These cells are found throughout the airways in innervated groups, known as neuroepithelial bodies, but in the trachea they occur only as single cells.'3 Studies using microspectrofluorometry have shown that these cells contain amines such as 5-HT.'4'5 It is possible that other vasoactive substances that may influence airways reactivity are present within the airways epithelium. In this study, tracheal epithelial cells were isolated and cultured and the presence, in both isolated cells and intact tissue, of endothelin-1 (ET-1), arginine-vasopressin (AVP), and substance P (SP) examined at the light and electron microscopic levels. For ultrastructural analysis of the immunostaining, cells were grown directly in 12 mm culture wells and treated as above. The samples were then exposed to propylene oxide and rapidly removed from the culture dish into Araldite resin. After polymerisation, sections were cut, stained with uranyl acetate and lead citrate, and examined with a Philips-300 electron microscope.
Methods

Intact tissue
The trachea was removed from 4-6 month old New Zealand White rabbits and fixed as described above for cultured cells. After fixation the trachea was divided into three levels (upper, medial, and lower) and frozen rings, 7 pm thick, were cut on a Reichert-Jung Cryocut 1800 cryostat from each level of the trachea. The sections were then processed for detection of ET-1, AVP, and SP according to the same immunocytochemistry procedure described above. Specimens were postfixed with 0-1% osmium tetroxide for 10 seconds, dehydrated in ethanol, embedded in mountant (BDH, Poole) and viewed under a Zeiss IIIRS light microscope.
Controls
A number of controls were used to determine the specificity of the immunolabelling at the light microscopic level. The primary antiserum and IgG steps respectively were omitted. In addition, normal goat serum and normal rabbit serum (Nordic) (dilution 1:500-2000) were substituted for antisera to ET-1 and AVP. Control preabsorptions of the above antisera (24 hours at 4°C) with synthetic human ET-1, synthetic AVP, and synthetic SP (all from Cambridge Research Biochemicals) inhibited immunostaining. (fig 3a-c) . The particles of immunoprecipitate were mostly spread throughout the whole cytoplasmic matrix without preferential labelling of particular subcellular organelles. The strong staining of the cilia, which was seen at the level of the light microscope, was seen more clearly at this level (fig 3a-c) . It was also apparent that positively stained cilia were clearly associated with non-staining cells (fig 3d) .
Intact tissue
Cells showing positive immunoreactivity for ET-1, AVP, and SP were scattered throughout the epithelium lining the trachea (fig 4) . The positive cells were round or ovoid in shape and strong immunoreactivity was observed to ET-1, AVP, and SP. The pattern of staining was similar at all levels of the trachea examined.
Discussion
This study shows that cells cultured from the tracheal epithelium react positively to antisera for ET-1, AVP, and SP. This staining is unlikely to be artefactual as the antisera used in this study were specific for the peptides under investigation and appropriate controls were included. Furthermore, ET-1 and AVP are released from tracheal epithelial cultures upon stimulation with thrombin (Rennick and Milner, unpublished observations). At the light microscope level, this reactivity of cultured epithelium was observed within both ciliated and non-ciliated cells. However, electron microscope observations of the labelled cells showed that the immunoprecipitate was present within ciliated cells exclusively. This apparent difference between light and electron microscopic findings may be due to the density and length of the cilia of these cells-that is, cells with sparse, short cilia were not clearly visible under the light microscope. There was also some variability in the intensity of staining; this may be due to variable cell spreading across the culture surface or genuine differences in storage levels between cells. In addition, the possibility that the presence of immunolabell- confirm that the reactivity observed in the present studies is not an artefact of cell culture, supporting the use of this system as a convenient method for further study of release and other characteristics of this mixed cellular population.
The presence of vasoactive substances such as ET-1, AVP, and SP may be of importance to airways reactivity as organ bath studies have shown that the sensitivity of airways smooth muscle to various drugs is altered when the epithelium is removed from airways preparations.29 From such pharmacological studies it has been suggested that the epithelium is the source of factors that act on the airways smooth muscle to cause relaxation. It may be possible that factors such as those identified in this study are released to the underlying smooth muscle, as well as to the lumen, thus influencing both airways reactivity and mucociliary clearance. Indeed, postmortem examination of airways from asthmatics has shown that the epithelium is altered in these subjects,' 30 suggesting that the normal control mechanisms which maintain airways reactivity are either removed or inactive.
Studies in this laboratory not only have localised neuropeptides in the endothelium of the intact artery wall,3""35 but also have localised and co-localised neuropeptides in cultured vascular endothelium.'6 These peptides may also be released from the endothelium under conditions of fast flow and hypoxia-that is, condi- currently under investigation and their answers may contribute to our understanding of airways control both in health and in disease conditions such as bronchial asthma.
